Summary. Plasma vasopressin was measured in seven insulin-treated diabetics during 24 h of insulin withdrawal to determine: 1) if abnormalities of the neurohypophysial-renal axis contribute to the dehydration of uncontrolled diabetes mellitus; and 2) the factors causing elevated levels of vasopressin in diabetic ketoacidosis. During the 24 h period of insulin withdrawal, blood glucose rose from 6.7 + 1.0 to 20.7 + 2.4 mmol/1, whereas plasma vasopressin was 3.6 _+ 0.5 pg/ml initially and in four patients showed little change. Markedly elevated levels of plasma vasopressin (17.8, 19.8 and 26.6pg/ml) were observed in three patients following the onset of hypovolaemia, nausea and/or vomiting which are known to stimulate vasopressin release. Free water clearance was negative throughout the study in all patients. Thirst was not noted despite marked hyperglycaemia (16.9 +_ 2.5 mmol/1) until a significant fall in body weight of 0.9 _+ 0.2 kg had occurred (p < 0.005). We conclude that marked elevation of vasopressin results from non-osmotic stimulation and that the mechanisms of body water conservation are overridden by the glycosuric diuresis.
caemia, thirst, polyuria Thirst and polyuria almost invariably occur in uncontrolled diabetes mellitus and have generally been attributed to the osmotic diuresis that occurs when the capacity of the renal tubules to reabsorb glucose is exceeded [1] . The possibility of an inadequate neurohypophysial-renal response to conserve body water was suggested by the observation that hyperglycaemia induced by hypertonic dextrose infusion into normal subjects and insulin-dependent diabetics caused a fall in plasma vasopressin and urine osmolality and failed to induce thirst [2, 3] . However, several studies have shown that plasma vasopressin is markedly elevated in uncontrolled diabetes meUitus [4, 5] , and the authors suggested that hypovolaemia, hypotension, nausea and vomiting [3] are the predominant stimuli to vasopressin release in this condition, although osmotic stimulation by unidentified plasma solutes may play a role.
The present study was undertaken to determine: 1) whether suppression of vasopressin with urinary loss of osmotically-free water occurs in the early stages of uncontrolled diabetes mellitus; and 2) the factors that lead to the markedly elevated levels of plasma vasopressin found in the later stages.
Patients
Seven stable insulin-treated patients, aged 21-39 years (two female) who had no clinical or biochemical evidence of diabetic complications, agreed to take part in the study. The mean duration of diabetes was 8 years (range 2-19 years) and mean 24 h dose of insulin 53 units (range 32-72 units). Three patients had single morning injections of either a mixture of short and intermediate acting insulin (two patients) or intermediate acting insulin alone; the other four had twice daily doses of mixed short and intermediate acting insulins. None of the patients suffered from diseases other than diabetes or were taking drugs apart from insulin. All the patients were of normal intelligence and had a good understanding of their disease and its acute complications. Consent was obtained only after a detailed explanation of the study and its associated discomfort. The purpose and nature of the study had been approved by the local human research ethical committee.
Protocol
Patients were admitted at 08.30 h only having omitted their morning insulin injection (Fig. 1) . Intravenous cannulae were then inserted in both forearms one for blood sampling and the other for 0012-186X/81/0020/0607/$01.00 were under constant medical supervision. 
43. administration of a continuous infusion of highly purified porcine (Actrapid) insulin by a syringe pump (Braun) at a rate of 1-5 units/h, the dose depending on the capillary blood glucose level (Reflomat, Boehringer) which was monitored hourly; higher infusion rates were given during meals. The insulin infusion was discontinued at 20.00 h for a 24-h period, during which the patients
Methods
Blood samples were treated as follows: 1 ml was added to 2.5 ml ice-cold 0.8 tool/1 perchloric acid for estimation of acetoacetate [6] (detection limit = 0.02 mmol/1 and coefficient of variation = 4%); 2.5 ml was added to a fluoride tube for glucose estimation (glucose oxidase) and 2.5 ml to a sequestrene tube for haematocrit (Coulter Counter Model-S); the remainder (30 ml) was placed in chilled lithium-heparin tubes, centrifuged at 4 ~ and the plasma frozen at --20 ~ for estimation of plasma sodium (coefficient of variation = 0.8%), urea, osmolality (Advanced Instruments osmometer, model 3L, coefficient of variation = 0.2%) and plasma vasopressin by radioimmunoassay [7] (detection limit = 0.7 pg/ml; intra-assay and inter-assay coefficient of variation ---7.5 and 24.4%, respectively). Urine samples were stored without preservative at -20 ~ for estimation of osmolality and glucose. Data were analysed by Student's t test and all results expressed as the mean + SEM.
Results
All patients tolerated the study well, although the insulin infusion was restarted prematurely in three patients: 19.5 and 23.5 h after insulin withdrawal in two following the onset of vomiting, and in the third, 12h after insulin withdrawal because although asymptomatic, she had become moderately acidotic (pH 7.28, PCO2 3.8 kPa, actual bicarbonate 13.0 mmol/l). During the control period on continuous IV insulin, blood glucose was maintained below 10 mmol/1 after 12.00 h in all patients. After withdrawal of insulin ( showed little change during the first 12 h of insulin withdrawal despite the large rise in blood glucose, but rose to 6.6 +_ 2.3 pg/ml (range 2.0 -11.7 pg/ml, n = 4) after 24 h of insulin lack. High levels of vasopressin falling outside the normal range (Fig. 3 ) occurred in three patients after the onset of nausea and/or vomiting or symptomatic postural hypotension (fall in systolic blood pressure from 108 to 80 mmHg). Changes in plasma vasopressin in individual patients are shown in Fig. 4 . Urine flow rate (Fig. 5) rose to a maximum of 6.0 + 0.9 ml/min in parallel with the rise in osmolar clearance due to glycosuria. Free water clearance was negative throughout, indicating no urinary loss of osmotically-free water. Total urine output was 4.3 +_ 0.7 1 (range 1.4 -6.61) and total glucose excretion was 1.1 +__ 0.2 mol (range 0.4 -1.9 mol). 
Discussion
It is clear from this study that there is no defect in the neurohypophysial-renal mechanism for water conservation in uncontrolled diabetes mellitus. Plasma vasopressin levels did not fall and were in the range that in normal subjects is associated with maximum antidiuresis [9] . Furthermore, free water clearance was negative throughout the period of insulin deprivation indicating that the renal tubules were responsive to the action of vasopressin. On the other hand, the rising osmolar clearance indicates the diuresis was osmotic due to glycosuria. The factors that are stimulating vasopressin release require comment. The steady rise in plasma osmolality shown in Fig. 2 was not associated temporally with a similar rise in plasma vasopressin. This might be because the increase in plasma osmolality was largely due to glucose, a solute that does not cause vasopressin release in normal subjects [3] or insulin-dependent diabetics [14] , whereas plasma sodium, which is a potent stimulus to vasopressin release [3] , showed a predictable fall [10] . The opposite effects of sodium and glucose on vasopressin release are presumably due to differences in the permeability of the blood-brain barrier to these solutes [3, 111. Non-osmotic factors are probably responsible for the high vasopressin levels reported in uncontrolled diabetes mellitus [4, 5] , and our results would support this. Small decreases in blood volume alter the response characteristics of the neurohypophysis to changes in body fluid tonicity such that vasopressin is released at a lower threshold of plasma osmolality and increases more for a given rise in plasma osmolality than normal [12] . Although we did not measure blood or extracellular fluid volume directly, we would infer that there was progressive hypovolaemia from the decrease in body weight (Fig. 2) and this might explain why we did not observe a suppressive effect of hyperglycaemia on plasma vasopressin levels. Towards the end of the insulin withdrawal period, three patients had high levels of vasopressin which in each case occurred after the onset of factors known to be potent stimuli of vasopressin release, namely, hypotension, nausea and/or vomiting [3] . Although supine blood pressure was normal at the time of blood sampling in the patient who developed syncopal symptoms, in the absence of neuropathy, postural hypotension indicates an adequate hypovolaemic stimulus to account for his high levels of plasma vasopressin.
Two factors we did not monitor in our study which may affect vasopressin release in uncontrolled diabetes mellitus are the renin-angiotensin system [13] and catecholamines [14] .
The effects of elevated levels of plasma vasopressin in uncontrolled diabetes mellitus are controversial but may be twofold. Vasopressin may directly elevate blood glucose in man [15] and high concentrations of vasopressin stimulate glycogenolysis and gluconeogenesis [16] . Our study would not suggest that vasopressin contributed to the degree of hyperglycaemia in the early stage of insulin withdrawal since plasma vasopressin levels fell within the normal range when the greatest change in blood glucose occurred. Secondly, high levels of plasma vasopressin as seen in three of our patients can be associated with a slight pressor response [17] .
Thirst was not noted by our patients despite marked hyperglycaemia until 04.00 h when there had been a fall in body weight of 0.9 + 0.2 kg (p < 0.005, Fig. 2 ). Furthermore, hypertonic dextrose infusion in normal subjects does not induce thirst (Milles JJ and Baylis PH -unpublished observation) and we would, therefore, suggest that hypovolaemia [18] rather than hyperosmolality was the stimulus to thirst in the present study.
In conclusion, this study has clearly demonstrated that suppression of vasopressin does not contribute to the polyuria of uncontrolled diabetes mellitus and elevated levels of vasopressin are likely to be due to non-osmotic stimulation by hypovolaemia, nausea and/or vomiting.
